The long term goal of this project is to develop inversion approaches that enable the estimation of refractivity profiles and the associated uncertainty. Furthermore, we will develop methods for mapping the refractivity parameters and their associated uncertainty into propagation.
approach enables us to obtain full n-dimensional posterior probability distributions for the unknown parameters as well as the maximum likelihood solution itself [Yardim 05a, 05b, 06] . 
RESULTS
An accurate knowledge of radio refractivity is essential in many radar and propagation applications. Especially at low altitudes, radio refractivity can vary considerably with both height and range, heavily affecting the propagation characteristics. One important example is the formation of an electromagnetic duct. A signal sent from a surface or low altitude source, such as a ship or low-flying object, can be totally trapped in the duct. This will result in multiple reflections from the surface and they will appear as clutter rings in the radar PPI screen (Fig. 1) . In such cases, a standard atmospheric assumption with a slope of modified refractivity of 0.118 M-units/m may not give reliable predictions for a radar system operating in such an environment.
Ducting is a phenomenon that is encountered mostly in sea-borne applications due to the abrupt changes in the vertical temperature and humidity profiles just above large water masses, which may result in an sharp decrease in the modified refractivity (M-profile) with increasing altitude. This will, in turn, cause the electromagnetic signal to bend downward, effectively trapping the signal within the duct. It is frequently encountered in many regions of the world such as the Persian Gulf, the Mediterranean and California. In many cases, a simple tri-linear M-profile is used to describe this variation. The coverage diagram of a trapped signal in such an environment is given in Fig. 2 .
As detailed in the paper [Yardim at 2006] we have developed a likelihood based Markov Chain Monte Carlo (MCMC) sampler, which we have compared to a classical genetic algorithm and an exhaustive grid sampling. The exhaustive grid sampling is only possible for search spaces of small dimensions.
In previous work, genetic algorithms (GA) and Markov chain Monte Carlo (MCMC) samplers were used to calculate the atmospheric refractivity from returned radar clutter. Although GA is fast and estimates the maximum a posteriori (MAP) solution well, it poorly calculates the multi-dimensional integrals required to obtain means, variances and underlying posterior probability distribution functions (PPD) of the estimated parameters. Accurate distributions and integral calculations can be obtained using MCMC samplers, such as the Metropolis-Hastings (M-H) and Gibbs sampling (GS) algorithms. Their drawbacks are that they require a large number of samples relative to optimization techniques such as GA and become impractical with increasing number of unknowns.
A hybrid GA-MCMC method based on the nearest neighborhood algorithm (NA) is implemented. It is classified as an improved GA method which improves integral calculation accuracy through hybridization with a MCMC sampler. Since it is mainly GA, it requires fewer forward samples than a MCMC, enabling inversion of atmospheric models with a larger number of unknowns.
MCMC samplers are much faster than exhaustive search, but still need much more forward model runs than GA. Therefore, it will be very desirable to have a GA-MCMC hybrid method that combines the speed of GA with the accuracy of MCMC. Due to its inherent properties, Gibbs sampler (GS) is the best MCMC algorithm for such a hybrid method. Hence, the hybrid method will be called the GA-GS hybrid. The method consists of three distinct sections:
1. GA: Run a classical GA, minimizing the misfit, and save all the populations and the misfit values of all generations.
Voronoi Cells and Approximate PPD:
Using the GA samples and their likelihood values construct Voronoi cells (see next section) around each GA point, assigning the likelihood of each GA point to all points inside its own Voronoi cell. This will result in an approximate PPD.
GS:
Run a fast GS on the approximate PPD instead of the real one. Since the conditional densities and the likelihood values required to run GS is known for the approximate PPD, no forward model is needed.
This process simply is a discretization of the original PPD. It will convert the true analog PPD into a digital one through an A/D converter. The only difference is that, this A/D converter is n-dimensional, and hence, discrete levels are tiny n-dimensional hypercubes. These hypercubes are called Voronoi cells. The shapes and sizes of these cells are determined by the GA sample set. There is only one GA sample in each cell and there does not exist any other GA sample, which is closer to any point inside this hypercube. Hence, for any boundary point between any two adjacent cells, the distances of that point to the two closest GA samples are same. Due to this feature, it is also called the nearest neighborhood (NN) method [Sambridge, 1998 ]. In each cell, the likelihood value is assumed to be constant with a value of its GA sample. Therefore, the likelihood of any point anywhere in the entire search space is known and there is no need for any further forward model runs. A very fast GS, without any forward modeling, is used to sample this approximate PPD. The accuracy of the results depends mostly on the quality of the approximate PPD, which means that, GA should gather enough samples from all over the n-dimensional search space to allow the NN algorithm to construct a good enough n-dimensional mesh, hence a good enough approximate PPD.
The method has been carefully validated in Yardim et al [2007] . Here we present inversion results of clutter return from the 1998 Wallops experiment as also described in Yardim et al [2007] . We represent the environment using a range dependent refractivity profile as given in Fig 5. The environmental posterior density is given in Fig. 6(a This creates a sharp peak for the positive end of the spectrum since the negative slope values can be in excess of the -2 M-units/m, usually with a quickly decreasing probability. The result is a pdf structure similar to the ones obtained here. In fact, Gerstoft et al [2004] uses such a pdf as prior density to do importance sampling.
The environmental statistics can be projected into statistics for user parameters (see Sec II of Yardim et al [2007] ). One typical parameter of interest to an end-user is the propagation factor F. The results in Fig. 7 are obtained from the parameter PPD in Fig. 6 . It shows the PPD for F at ranges ( 
IMPACT/APPLICATIONS
Knowledge of refractivity profiles is important for radar performance prediction. Using the radar clutter return to estimate refractivity gives s a real-time estimate of the refractivity.
RELATED PROJECTS

Refactivity Data Fusion and Assimilation (Ted Rogers, SPAWAR):
This project is concerned with near real-time techniques for inferring refractivity parameters from radar sea clutter.
